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ABSTRACT 
Mobile phone already allowed to be used in some commercial airlines and the first 
standard to be deployed is 1800MHz GSM band. After Many studies and debate, the 
regulation authorities have spelled out the requirement for picocell and mobile phone to 
be used in aircraft so as not to be interfered with avionics system in the air. The main 
objective is to limit the mobile phone at the lowest transmitting power controlled by the 
picocell installed in the aircraft, at the same time, to prevent the mobile phone from 
trying to camp on to the Ground Base Station.  
There are quite a number of different frequency bands and different technologies 
implemented in today’s mobile phone. 1800MHz GSM band was selected to be the first 
technology used in air because it is simpler and easier to control. Many studies talked 
about lower the mobile phone output power to the lowest of 0dBm, but seldom talk 
about the Random Access Channel (RACH), which will emit at the highest power of 
30dBm at the instant of call making. This will occur at “time slot 0” and is not 
controllable until the connection between the Base Station and mobile is made. 
We will take about the impact of RACH and hence the TDMA noise generated in the 
aircraft in more detail. 
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In the air, the mobile phone could only transmit at the lowest power (0dBm) to avoid any 
interference to the avionics system in the aircraft. 
The other technical challenge is to ensure that the mobile phone in the air will not 
attempt to camp on to the base station on the ground. This is done by introducing a 
Noise floor by the Network Control Unit (NCU) on the plane. The NCU Noise floor level 
is set at 12 dB lower than the GSM signal since the typical Signal to Noise ratio of GSM 
is 9dB, plus 3dB margin of all others interference. 
So, we have to take care of the avionics systems in the aircraft by commanding the 
mobile phone to transmit at the lowest power level, and  preventing the mobile phone 
from attempting to camp on to the Ground Base Station. 
But, seldom we talked about the Random Access Channel (RACH), which will emit at 
the highest power of 30dBm at the instant of call making. This will occur at “time slot 0” 
and is not controllable until the connection between the station and mobile is made. 
We will take about the impact of RACH and hence the TDMA noise generated in the 
aircraft in more detail. 
 
2. Mobile phone radiated power to the Avionics system 
3GPP organization has spelled out the radiated spurious limitation of mobile phone.  But 
in this case, we would be more interested in the carrier frequency and it’s harmonics of 
the mobile phone that could be possibly interfered to the avionics systems. 
So, the frequency is 1800MHz and the multiply of it. Power level has been lowered to 
0dBm by the picocell in the aircraft. We will talk about RACH later. 
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2.1 Avionics Frequencies 
Fig 2 shows the Main Avionics Equipment Frequency Spectrum. 
Main Avionics Equipment Frequency Band 
HF communication systems   2MHz to 30MHz 
VHF communication systems  
118 MHz to 136.975 
MHz. 
Marker Beacon   75MHz 
VOR  108.00 to 117.95MHz  
Localizer  108.10‐111.95  
Glideslope  329.15‐335 MHz 
DME  962 to 1213MHz 
GPS  1.575GHz 
Satellite at L‐band frequencies  
1,530 MHz to 
1,660.5MHz 
Doppler navigation  X‐band (8.8‐9.8 GHz)  
Weather radar  C Band (4 ‐ 8GHz) 
Radio Altimeter 
4,250MHz and 
4,350MHz 
Fig 2 Main Avionics Frequency Band 
 
From Fig 2, the DME is operating from 962MHz, and that is close to the GSM900MHz 
band edge of 960MHz. But for GSM1800MHz, there is no direct interference except that 
we need to be careful for the 3rd harmonics of 1800MHz which is close to the Weather 
radar. 
 
2.2 Interference Calculation and Measurement 
We could start with theoretical calculation and verify with measurement result. 
The interference source will be the GSM1800 transmitter output power and its 
harmonics. There are some other interference sources like the 13MHz or 26MHz 
Reference Clock, although it’s harmonics could go quite far up to 1GHz, the amplitude 
should be low. The other intermodulation products are not high as well. 
We could assume 0dBi Antenna gain for mobile phone. Minus near field gain, with 
propagation loss, roughly we could calculate the Field strength over the distance. Or we 
could get the Radiated limitation template from 3PGG as a reference, every phone 
supposed to compliance to this specification. 
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The victim will be the Avionics equipment receiver. Get the sensitivity and selectivity of 
the Avionics equipment. The Co-channel, Adjacent channel and Blocking specification. 
For this case, there is no direct hit of frequency. Hence, just by looking at the blocking 
specification will give us an ideal whether the Avionics’ Receiver sensitivity be degraded 
by the interference signals. 
To make practical measurement, ensure that we could read the sensitivity of the 
Avionics equipment first, turn on the mobile phone at the maximum usable power to see 
any degradation of sensitivity.  
 
3. Random Access Channel (RACH) impact  
The first technology to be granted for use in aircraft is GSM1800MHz. Picocell deployed 
in the aircraft will command the mobile phone to be transmitted at lowest power level of 
0dBm. There are many studies and measurement being made for the safety use of 
mobile phone in the aircraft.  
But not much discussion about the RACH impact on the Avionics equipment.  
Every time we turn on our mobile phone, it will search for the signals that belonged to it 
and camp on to the station. When the mobile want to make a call or an initial contact, A 
RACH will be sent to the base station at the highest power level of the phone. In this 
case, is 30dBm (Ref. to Fig 1). This will occur at “time slot 0” and is not controllable until 
the connection between the station and mobile is made.  
This is the protocol of GSM defined in 3GPP. It is resided in the phone once it is 
manufactured. Unless the Picocell in the aircraft could change it in the air, we will have 
this instant highest power emitted from the mobile phone when it is trying to make a call. 
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• making location updating procedure. 
 
So, there is a possibility that multiple passengers in the airplane send RACH signals at 
the same time. This will make the scenario slightly more complicated.  
Due to Fading, multipath and phase different, two signals might not just add together. 
But we could still study the worst case scenario assuming some of the signals will be 
added together.  
By looking at the blocking specification of the Avionics equipment, predict the maximum 
signals strength it could stand. Based on Root Sum Square (RSS) and Antenna Path 
Loss behavior, get the distance required for the mobile phone to be safely used. 
 
6. Time Division Multiple Access (TDMA) Noise 
You may experience this when your mobile phone is near a speaker, an audible “Buzz” 
sound. This is due to the high RF energy being coupled into the Speaker audio path. It 
rectifies the RF signal and extracts the TDMA envelope in the way an AM detector 
would. It is more noticeable at the instant when you make a call because that is when 
the RACH highest power sent. After the physical connection is established, the mobile 
phone will be transmitting at lower power level based on the command by the Base 
Station. 
Refer to Fig 5 GSM frame. The Transmitter will emit one time slot per frame. This 
periodic signal will create a 217Hz audible signal and hence the “Buzz” sound.  
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6.2 Minimize the “Buzz” sound in the aircraft 
The “Buzz” sound may happen in the aircraft where the speakers in the cabin pick up 
the RF energy from the mobile phone especially when the RACH is transmitting. 
Although it will not cause any safety issue, but might sound alarming. 
The approach to minimize the “Buzz” may be the same as what the mobile phone 
designer normally do as stated above. The good thing is that it is not confined to a 
smaller area as the mobile phone. But the complex area will be the Ground issue and 
the long wire that is running across the cabin.  
The ultimate aim is to reduce the AM radiated noise to the speaker. 
 
7. Conclusions 
Many studies have shown that it is safe to use GSM1800 technology in the aircraft by 
commanding the mobile to transmit at the lowest power of 0dBm. But we should take 
precaution of the RACH signal with the highest power of 30dBm at the instant of calling. 
Especially when multiple RACH signal being sent by multiple users at the same time. 
Beside the impact of Avionics equipment, TDMA noise might be heard in the cabin. The 
approach of minimizing the noise will be quite the same as what the mobile phone 
designer do. 
 
REFERENCES 
 
[1] 3GPP TS 05.05 “3rd Generation Partnership Project; Technical Specification Group 
GSM/EDGE Radio Access Network; Radio transmission and reception”, Release 
1999. 
 
[2] Aviation Frequency Spectrum & the ITU World Radio communication Conferences, 
International Civil Aviation Organization. Retrieved 14 Oct 2013, from 
http://www.icao.int/safety/acp/repository/ITU_Presentation_To_C187.pdf 
[3] Mike, T.; David, W. (2007). Aircraft Communications and Navigation Systems. 
Singapore: Butterworth-Heinemann. 
[4] Agilent Technologies, “GSM Basics” Agilent Technologies, 2004. 
